The authors investigated whether adversity in a female, before she conceives, will influence the affective and social behavior of her progeny. Virgin female rats were either undisturbed (controls) or exposed to varied, unpredictable, stressors for 7 days (preconceptual stress [PCS]) and then either mated immediately after the end of the stress (PCS0) or 2 weeks after the stress ended (PCS2). Their offspring were raised undisturbed until tested in adulthood. PCS offspring showed reduced social interaction; in the acoustic startle test, PCS males were less fearful, whereas PCS females were more fearful; in the shuttle task, PCS0 males avoided shock better; and in the elevated maze, PCS0 females were more active and anxious. The 2-week interval between stress and mating assuaged the effects on offspring activity and shock avoidance but not the changes in social behavior and fear in male and female offspring. Hence, PCS to the dam, even well before pregnancy, influences affective and social behavior in her adult offspring, depending on how long before conception it occurred, the behavior tested, and sex.
The consensus among developmentalists that early experience is formative of later behavior is reflected in the intense study of the perinatal period and the clinical emphasis on early development. However, this logic has not been pursued with equal conviction and not at all empirically to an even earlier time-before pregnancy. This is especially apposite now, as revolutionary ideas about nongenomic and epigenetic transmission, for the first time, offer a conceptualization of how experience may be transferred across generations without enculturation (Gluckman, Hanson, & Beedle, 2007; Jirtle & Skinner, 2007) .
Abuse of the future mother is probably one of the most devastating and widespread experiences that might have deleterious cross-generational ramifications. Epidemiological reports estimate that as many as 1 in 4 American women have been sexually abused during childhood, with nearly a quarter of them victimized before age 12, and in the United Kingdom 6%-8% of children suffer sexual, physical, or psychological abuse (Collishaw, Dunn, O'Connor, Golding, & Avon longitudinal study of parents and children study team, 2007; Tjaden & Thoennes, 1998) . In Israel, over 9% of women have experienced sexual violence, with higher figures for various sectors (e.g., 17% of disabled women). In 2003 alone, 1% of Israeli women suffered bodily harm (Central Bureau of Statistics, 2002) . Abuse of women has received increasing attention in the medical literature (Gazmararian et al., 1996) , and the Centers for Disease Control and Prevention in the United States have fostered its study by establishing key scientific parameters for conducting research on violence around the time of pregnancy (Peterson, Saltzman, Goodwin, & Spitz, 1998) . Such widespread abuse, if indeed transmitted to offspring, would affect many in the next generation (Brodsky et al., 2008; Collishaw et al., 2007) .
There are a number of reasons for the apprehension that these women's progeny may be affected. Studies in humans indicate that psychosocial continuity between the abused mother and her child explains the effects on the child (Brodsky et al., 2008; Collishaw et al., 2007) , but early abuse has long-term adverse psychobiological consequences that may persist into pregnancy and beyond, such as posttraumatic stress disorder, alterations in startle response, chronic depression, anxiety and vulnerability to fear, suicidal ideation, substance abuse, unintended pregnancy, dysregulation of hypothalamic-pituitary-adrenal axis (HPA), and, tellingly, effects on reproduction such as preterm delivery and smaller and less developed babies (e.g., Austin, Leader & Reilly, 2005; De Bellis et al., 1994; Farber, Herbert, & Reviere, 1996; Morgan, Grillon, Lubin, & Southwick, 1997) . In turn, preterm delivery increases long-term risks for the infant, including respiratory, gastrointestinal, and renal problems; cerebral palsy; visual, auditory, and intellectual impairments; and other neurological disorders (e.g., McCauley et al., 1997; Silva, McFarlane, Soeken, Parker, & Reel, 1997; Stevens-Simon, Kaplan, & McAnarney, 1993) . Moreover, if the effects of early stress persist into the pregnancy, there is evidence that adversity during pregnancy will influence offspring development and behavior and may contribute to psychopathology (Austin, Leader, & Reilly, 2005; Kofman, 2002; Wadhwa, 2005; Weinstock, 2005) .
Since abuse has long-term effects that may persist into pregnancy, and stress during pregnancy has effects on the offspring, it seems likely that abuse of women before they conceive will affect offspring behavior. This possibility has not been addressed experimentally, and there is little understanding of the causal link between early abuse and its remote outcomes on progeny, nor an empirical knowledge base for seeking remedial interventions.
While stress prior to conception has not been investigated in this respect, laboratory models of stress during pregnancy (termed prenatal stress) in rats and monkeys have provided meaningful insights into the processes involved and are consistent with findings in human studies. They document the effects on offspring behavior, the processes involved, their neural and behavioral dynamics, the critical periods for damage, and, importantly, remedial potential (Austin et al., 2005; Koenig et al., 2005; Kofman, 2002; Laviola et al., 2004; Poltyrev & Weinstock, 2004; Poltyrev, Gorodetsky, Bejar, Schorer-Apelbaum, & Weinstock, 2005; Wakshlak & Weinstock, 1990; Weinstock, 2002 Weinstock, , 2005 Zimmerberg & Blaskey, 1998) .
Physical outcomes of adversity prior to conception have been shown beyond the first generation of offspring, such as the transgenerational effects of malnutrition (Kaati, Bygren, & Edvinsson, 2002; Lumey, 1992; Waterland & Jirtle, 2003) . In the behavioral sphere, only cross-generational transmission of maternal and female reproductive behavior has been systematically studied (Cameron et al., 2008; Champagne & Meaney, 2006; Fleming et al., 2002; Francis, Diorio, Liu, & Meaney, 1999; Gonzalez, Lovic, Ward, Wainwright, & Fleming, 2001; Meaney, Szyf, & Seckl, 2007) . Such effects are more difficult to demonstrate in humans, and even the most awful early adversity in women does not necessarily have trans-generational effects on maternal attachment (Sagi-Schwartz et al., 2003) and does not increase vulnerability to all types of psychopathology (Yehuda, Halligan, & Bierer, 2002) . In sum, it is remarkable that despite extensive animal research on the effects of stress during pregnancy on offspring behavior, there are no experimental studies of the effects of pregestational adversity on the behavior of the next generation. Here we examine in rats the effects of preconception stress to their dams on offspring affective and social behavior.
Method
The study was approved by the University of Haifa committee on animal experiments.
Dams
Female rats (born to Sprague Dawley SPF, Harlan, Israel, conceived and born in the labs to avoid transportation stress) were assigned to the control (n ϭ 11) or experimental groups: stressed for a week either immediately before mating (PCS0; n ϭ 15) or 2 weeks before mating (PCS2; n ϭ 9). They were raised 4 to a cage (56 ϫ 35 ϫ 19 cm high) on wood flake bedding with 12-hr artificial lighting during the day and temperature maintained at 22 Ϯ 2 o C. They were mated when body weights attained 180 -200 g. Within 24 hr of parturition, we culled litters to 10 pups with approximately equal numbers of males and females. Litters were raised undisturbed until 30 days of-age, except at 2 weeks, when part of the bedding was replaced, without handling the litter. At 30 days the pups were weaned by moving them, together with some soiled bedding, from their previous cages into similar cages in groups of 4 -6 same-sex rats. We implemented minimal handling and continuity of soiled bedding to minimize extraneous stress. The study was carried out in two cohorts because of space and equipment limitations.
Stress Regimen
Experimental females were subjected to unpredictable variable stress during a week including (each on separate, consecutive days) a 15-min warm swim (22 o C), a 10-min cold swim (15 o C) followed by warming, 24-hr isolation, 24-hr food and water deprivation, 24-hr constant light, three times 30 min on a raised platform at 1-hr intervals, electric shock (10 ϫ 0.5 mA for 1 s at 30-s intervals), 24-hr crowding (8 females in a cage 56 ϫ 35 ϫ 19 cm high) with constant light. Rats were weighed daily. Control females were left undisturbed until mating except for daily weighing. All the females were introduced to the males on the same day and were removed after 5 days.
There were two experimental groups: one was stressed for a week ending 2 weeks before introduction to the males (PCS2) and the second was stressed for a week after which they were immediately introduced to the males (PCS0). Control PCS0 and PCS2 females did not differ in body weight when introduced to the males, respectively, weighing 199.6 Ϯ 8.6 g, 196.1 Ϯ 4.4 g, and 193.8 Ϯ 5.0 g.
Offspring
We tested 86 offspring of control dams (42 males, 44 females), and 83 offspring of preconception stress dams PCS0 (40 males, 43 females) and 25 PCS2 (14 males, 11 females), totaling 194 offspring. Offspring from each litter were distributed across the various tests, so that in each test 1-3 pups of each sex were from the same litter. Offspring were tested in adulthood, at 60 -65 days of age, except in the elevated maze, as noted.
Behavioral Tests
Elevated plus maze. The maze has two runways (140ϫ 10cm) in a plus-shaped configuration, raised ϳ60 cm above the floor of the test room. One runway is a corridor with 36-cm high opaque walls; the other is an open platform. The runways are marked with lines at 10 cm intervals to score locomotion. Rats were brought in pairs to the test room, remained in their cages for 5 min to habituate, and then tested in the maze for 5 min. Length of stay in each type of runway was scored, as well as the number of lines crossed.
Two-way shuttle avoidance learning. The two-way shuttle avoidance box has two adjacent rectangular chambers separated by an opaque partition, with a 10 ϫ 8-cm opening. The chambers measure 30 ϫ 26 ϫ 28 cm high and are dimly lit, ventilated, and sound attenuated.
After 10 min of exploration in the shuttle box, the rat received 80 pairings of tone and shock (10 s, 0.8mA) on average every 30 s. Each shock was preceded by a 10-s tone and was delivered to the floor of the compartment occupied by the rat. Three types of response were scored: learning to avoid the shock by shuttling to the other compartment upon hearing the tone (avoidance), receiving the shock but curtailing it by escaping to the other compartment (escape), or remaining in the compartment throughout the 10 s of shock (escape failure). The means of 10 trials in each of eight blocks served in the analysis. Defecation was also scored.
Acoustic startle response. Startle response was measured in a ventilated, sound-attenuated chamber (17.5 ϫ 9 ϫ 19 cm high). Movement inside the chamber was measured by a piezoelectric accelerometer. Tone levels and accelerometer sensitivity were calibrated to ensure consistent presentation. The amplitude of the rat's startle response to each tone delivery was scored.
The rat was placed inside the chamber for a 5-min habituation period, after which 10 startle stimuli (110-dB tone, 15-ms duration including 0.4-ms rise and decay) were delivered at randomly varying intervals averaging 60-s. The entire test session was completed in 15 min. Defecation was also scored.
Open field test. Rats were tested in a darkened open field for 3 min using red light for video photography. The open field was marked into squares. Each entrance into a square of more than half the rat's body was scored and categorized as peripheral or central, respectively, depending on whether the square bordered the sides or was in the center of the field. The tests were videotaped and analyzed "blind" to the treatments.
Social interaction test. Some 2-3 min after the open field test, the rat was returned to the same arena for the social interaction test after the floor and walls had been wiped to spread smells evenly and a "partner" rat had been placed in it. The open field test thus served as habituation to the arena. The partner rat had been previously habituated to the test by 5-6 exposures to unfamiliar rats placed in the arena. Rats were tested with a same-sex partner.
During the 3-min test, the following social behaviors were scored for duration and frequency: sniffing the partner; physical contact with the partner; following the partner; climbing over or burrowing under the partner; walking around the partner (these were considered prosocial behaviors for analysis); boxing, biting, or threatening the partner (these occurred too infrequently for analysis); self-grooming; and remaining alone-away from the partner (these were analyzed as asocial behavior ; Ferdman, Murmu, Bock, Braun, & Leshem, 2007) . The tests were videotaped and analyzed blind to the treatments.
Study Design
Offspring were allocated to the various tests as noted and in different orders. Some rats that had not been previously tested were also included in each test. Adolescent rats were tested in the elevated maze and were retested in adulthood as described.
Statistical Analysis
Analyses of variance (ANOVAs) using SPSS (Versions 14.0 -15.0) were employed as appropriate and reported in the various experiments. Post hoc comparisons used ANOVA, the least significance difference test, or t tests as appropriate. Means are presented with SE throughout this report. Probabilities above 0.05 were not considered significant and are not reported. The data were examined statistically for cohort differences and for effects of repeated testing, but these effects, where found, did not influence the measures of interest and are not reported.
Results
We carried out an overall analysis to indicate whether the effects are due to the pregestational manipulation rather than litter variability. A single male and female rat were randomly selected from each litter, and summary scores for each test (plus maze, startle, shuttle, and social interaction) were standardized and subjected to ANOVA, with tests as the repeated factor. This revealed an effect of the pregestational manipulation, F(2, 43) ϭ 22.6, p Ͻ .0001; of sex, F(1, 43) ϭ 5.8, p Ͻ .05; interactions of preconceptual stress (PCS) with type of test, F(6, 129) ϭ 2.5, p Ͻ .05; interactions of sex and type of test, F(3, 129) ϭ 4.1, p Ͻ .01; and the three-way interaction, F(6, 129) ϭ2.5, p Ͻ .05. ANOVA by sex additionally revealed that in the males PCS2 differed from both other groups ( ps Ͻ .001), and in the females both PCS groups differed from controls ( ps Ͻ .05) as well as from each other ( p Ͻ .001). This constellation of effects suggests that the source of variability is the pregestational manipulation rather than litter variability. Table 1 presents the gestation and birth data. Other than birth weights, there are no significant differences, although PCS0 tended to take longer from introduction to the males until parturition, and in the first cohort this was significant (controls: 23.5 Ϯ 0.5 days; PCS0: 25.1 Ϯ 0.3 days, p Ͻ .02). One control and 1 experimental pup were found dead at birth. At birth, males weighed 6.55 Ϯ 0.08 g (n ϭ 69) and females weighed 6.24 Ϯ 0.07 g (n ϭ 96, p Ͻ .005).
Behavioral Results
Elevated plus maze. Pups tested included 23 controls, 24 offspring of PCS0, and 12 offspring of PCS2. Sex was equally distributed. Repeated (for age) measures ANOVA for activity (lines crossed) showed an effect of group, F(2, 53) ϭ 8.8, p Ͻ .001, because PCS offspring were more active than controls; an effect of sex, F(1, 53) ϭ 7.1, p Ͻ .01, because females were more active; and an interaction of age and sex, F(1, 53) ϭ 4.4, p Ͻ .05, because activity was reduced in the older males but not in the older females (see Table 2 ). For lines crossed in the closed runway, there was an effect of group, F(2, 53) ϭ 8.0, p Ͻ .001, because PCS offspring were more active than controls in the closed runway; an effect of sex, F(1, 53) ϭ 4.4, p Ͻ .05, because females were more active; and an interaction of age and sex, F(1, 53) ϭ 4.6, p Ͻ .05, because activity was reduced in the older males but increased in the older females (see Table 2 ).
ANOVA did not reveal significant interactions of group and sex on either measure. Nevertheless, exploratory post hoc comparisons revealed that PCS0 females were substantially more active than PCS0 males on both measures (see Table 2 ).
Two-way shuttle avoidance learning. Forty-two control offspring, 39 PCS0, and 14 PCS2 were tested (47 male and 48 female in total). There was a significant effect of blocks of trials (see Figure 1 ). There was a group and sex interaction in avoidance learning, F(2, 89) ϭ 3.2, p Ͻ .05, because of opposite effects of PCS0 on avoidance in males and females: Male PCS0 avoided shock more than male PCS2 ( p Ͻ .05) and controls, whereas female PCS0 tended to avoid shock less than female PCS2 and controls (see Figure 1) . There was an effect of sex, F(2, 89) ϭ 11.7, p Ͻ .001, because females were more avoidant.
Males escaped more than females, F(2, 89) ϭ 8.0, p Ͻ .01 (not shown), reflecting the sex difference in avoidance. Escape failures were few (0.7 Ϯ 0.2 during the 80 trials), and differences did not attain significance. There were no significant differences in defecation.
Startle Response
Forty-one controls, 31 PCS0, and 19 PCS2 were tested, about evenly distributed by sex. There was a significant interaction of sex and group on the startle response, F(2, 85) ϭ 5.4, p Ͻ .01, because male PCS2 were less startled than male controls ( p Ͻ .001) and male PCS0 ( p Ͻ .05). There was also an interaction of trials, sex, and group, F(18, 156) ϭ 2.0, p Ͻ .05, possibly because males habituated more rapidly than females, while maintaining the sex and group differences. Further analysis confirmed that male PCS were less startled than controls, F(1, 43) ϭ 5.80, p Ͻ .05, whereas female PCS were more startled than their controls, F(1, 44) ϭ 4.45, p Ͻ .05 (see Figure 2 ). There were no significant differences in defecation.
Open Field
Subjects were 54 controls, 56 PCS0, and 25 PCS2, approximately evenly distributed by sex. Univariate analysis of behavior in the open field revealed only a sex difference because females were more active than males, entering 84.6 Ϯ 2.4 and 73.9 Ϯ 2.3 squares, respectively, F(1, 129) ϭ 2.3, p Ͻ .005. The group effect did not attain significance.
Social Interaction Test
These rats continued to the social interaction test as described. Multivariate analysis of duration of prosocial and asocial behaviors in the social interaction test showed an effect of group, F(4, 256) ϭ 8.4, p Ͻ .001. There were group effects in prosocial behavior, F(2, 128) ϭ 3.5, p Ͻ .05, and asocial behavior, F(2, 128) ϭ 15.9, p Ͻ .001 (see Table 3 ). Analysis by frequency of behavior produced similar results (not shown).
Discussion
The cardinal findings of our experiments are that adversity to the mother before her pregnancy will alter the behavior of her future offspring, the changes will persist into adulthood, they will differ in male and female offspring, the effects on different behaviors will differ, they depend on the temporal proximity of adversity and conception, and they appear to be specific effects, rather than a general perturbation of offspring development. In contrast to the behavioral effects, we found trends but not reliable effects of preconception trauma delaying conception and reducing litter size. Sex ratio was not altered. We did find, however, that birth weight was increased in offspring of dams stressed for a week before mating. Pregestational stress also increased activity and anxiety, and decreased social interaction in all offspring.
Consider our results more broadly: The timing of the stress before pregnancy was important: Activity, anxiety, and shock avoidance in males were preferentially increased by stress to the mother leading up to mating, whereas earlier stress was more influential in reducing social interaction and fear in males. The effects on male and female offspring differed markedly on fear responses-they were decreased in males, who were less fearful in the startle response, and avoided shock more successfully than their normal controls, but in females the opposite was demonstrated (i.e., fear increased and avoidance little changed; see Table 4 ).
Nevertheless, on most measures including the trends in birth parameters (see Tables 1 and 2 ) but excepting startle and social behavior, stress immediately before mating had a greater impact than stress 2 weeks earlier, suggesting a mitigation of the effects of adversity with the passage of time between stress and conception. Interestingly, females were better at shock avoidance than males, but pregestational adversity tended to impair avoidance in the females while significantly improving it in the males. Note. PCS0 ϭ those mated immediately after the end of the stress; PCS2 ϭ those mated 2 weeks after the stress ended. Our findings suggest increased agitation in females but improved stress coping in male offspring. Such opposite effects are unexpected, the sex differences of perinatal stress on offspring brain and behavior generally varying only by degree (e.g., Ferdman et al., 2007; Zagron & Weinstock, 2006) . On the other hand, effects of culture on mice embryos also reveal sex-specific effects on adult activity and anxiety (Ecker et al., 2004) .
There are no good precedents for mechanisms that might mediate these long-term effects. The one study of transgenerational transmission of effects of maternal abuse on offspring in humans showed that continuity of psychosocial environment most explains the effects, which clearly is not the case in our study (Collishaw et al., 2007) . One possibility is the long-term effects of stress to the dam persisting into pregnancy to affect fetal development and into the nursing period to alter maternal, and thereby offspring, behavior. Nevertheless, a number of considerations militate against the assumption of gestational prenatal stress as the cause of these effects.
First, there is an important difference between preconception and prenatal stress. Prenatal stress impacts the fetus and its environment directly, whereas preconception adversity does not. Prenatal stress administered during the 1st or 2nd week of pregnancy has few behavioral effects; most studies that reported changes in offspring behavior or HPA activity stressed the mothers during gestational days 15-21 (Cameron et al., 2008; Koenig et al., 2005; Weinstock, 2001) , when the fetal HPA axis begins to release its own adrenocorticotropic hormone and corticosterone (Boudouresque et al., 1988; Weinstock, 2001) . If stress at the beginning of pregnancy has few discernable effects, it is unlikely that stress before pregnancy exerts effects mediated by these systems.
It is possible that adversity prior to pregnancy may alter maternal behavior after parturition, thereby influencing offspring behavior; this might explain the obtained sex differences due to different maternal behavior toward male and female pups . The maternal behavior of dams stressed during pregnancy has been shown to be altered and to contribute to changes in offspring brain and behavior (Cameron et al., 2008; Fujioka et al., 2001; Gonzalez et al., 2001; Fleming et al., 2002; Fride, Soreq, & Weinstock, 1986; Meaney et al., 2007; Weinstock, 2001) . Indeed, even brief and repeated separation of prenatally stressed pups from their dams can reverse the deleterious effects on offspring avoidance learning (Lehmann, Stöhr, & Feldon, 2000), suggesting that effects of maternal behavior on offspring avoidance behavior may be temporary. In the prenatal paradigm, the dam is stressed until she gives birth and starts nursing; in our study, stress ceased at least 3 or 5 weeks earlier, which may ameliorate the impact on the dam's postnatal behavior. Recall that stress during the first or second week of pregnancy does not alter offspring behavior; it is unlikely that stress prior to that will influence maternal behavior. Moreover, at least for the effects on fear and social behavior, alterations in maternal behavior are unlikely, because the effects on offspring were similar whether stress preceded mothering by 5 weeks or 3. Effects on maternal behavior might be expected to ameliorate with the passage of time, as suggested above.
Although there are comprehensive studies of the crossgenerational effects of altered maternal behavior on offspring maternal and reproductive behavior, there are no reports of its effects on behaviors, such as those we have tested here (Cameron et al., 2008; Fleming et al., 2002; Francis et al., 1999; Gonzalez et al., 2001) .
Some of the behavioral effects of preconception and prenatal stress are similar, such as the increased anxiety in the elevated maze, the reduced social interaction, and the increased startle and impaired avoidance we found in females, although most studies examined only males (Cabrera, Rodriguez-Echandia, Jatuff, & Foscolo, 1999; Drago, Di Leo, & Giardina, 1999; Koenig et al., 2005; Kofman, 2002; Lehman et al., 2000; Wakshlak & Weinstock, 1990; Weinstock, 2001) . Other findings differ markedly; the reduced startle and improved avoidance performance of the males we find is unusual after prenatal stress, unless it is mild (Fujioka et al., 2001) .
The increased birth weight of the offspring of preconception stressed dams has been observed after prenatal stress (Fride & Weinstock, 1984) , but birth weight is more often reduced (Cabrera et al., 1999; Diego et al., 2006; Drago et al., 1999; Weinstock, 2001 Weinstock, , 2005 .
These comparisons suggest that many of the effects of preconception stress differ from the effects of prenatal stress in important respects, and therefore the underlying mechanisms might differ too. Finally, increasing attention is now directed to nongenomic and epigenetic mechanisms mediating the transmission of acquired characteristics or effects, inter alia, on behavior (Cameron et al., 2008; Gluckman et al., 2007; Jirtle & Skinner, 2007) . Future studies will surely address this prime explanatory candidate.
Adversity to the mother may prepare and adapt the next generation of mothers for an adverse environment, by altering maternal and reproductive behavior, and in the next generation of males improved resistance to stress (Cameron et al., 2008; Fleming et al., 2002; Worthman & Kuzara, 2005) . These possibilities remain to be studied.
The more substantive conclusion from our data is that preconception stress has effects on future offspring. Moreover, it is a fair assumption that other behavioral capacities, which we have not tested, will also be affected and that different models of stress will yield other findings (Weinstock, 2001) .
In females the effects seem more detrimental. Adversity in a young female might compromise her future offspring because severe and chronic psychosocial stress during periods of high neuronal plasticity may produce lasting alterations in HPA. Human data, collected particularly in the past 10 years, fit the animal findings; childhood maltreatment engenders marked HPA dysregulation in adults (Austin et al., 2005; De Bellis et al., 1994; Kofman, 2002; Noll et al., 2007; Weinstock, 2005) . Such dysregulation may account for the greater vulnerability to preterm delivery in women who have suffered rape or sexual abuse (Noll et al., 2007; Stevens-Simon et al., 1993) and may impact offspring behavior as suggested by our findings.
For the clinic, this implies that a comprehensive prenatal history should include inquiry about traumatic pregestational history, as a risk factor no less ominous than parental alcohol use, substance abuse, smoking, or lack of social support (Brodsky et al., 2008; Collishaw et al., 2007) . Animal research has shown that offspring impairment following stress during pregnancy may be alleviated by drug treatment, handling, or enriched environment (Kofman, 2002; Laviola et al., 2004; Poltyrev et al., 2005; Poltyrev & Weinstock, 2004; Wakshlak & Weinstock, 1990; Weinstock, 2002; Zimmerberg & Blaskey, 1998) , promising similar possibilities for the sequelae of pregestational adversity.
These are weighty considerations in favor of studying pregestational stress and its mechanism of transmission. Cross-fostering experiments will be important to determine whether preconception stress exerts its effects on the offspring via behavioral and/or epigenetic transmission. Note. Arrows indicate increase or decrease. PCS0 ϭ those mated immediately after the end of the stress; PCS2 ϭ those mated 2 weeks after the stress ended.
